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CODLING MOTH EXPERIM ENTS.
C . P . G I L L E T T E .
An excellent opportunity, of which I gladly took advantage 
was offered in my garden last summer for making tests and 
comparisons of certain remedies for the destruction of the 
larvae of the codling moth.
T he diagram given below shows the row of Duchess trees, 
Nos. i  to 13 inclusive, that were used in the experiment with 
their surroundings. A t A  are two Fameuse trees, at B two 
crabs, at C a Red Astrican and a tree of an unknown summer 
variety, at D two Roman Stems, and at E  four Duchess. 
T he two Fameuse trees, the Red Astrican and one or two o f 
the Duchess trees bore light crops ; all the other trees were 
heavily loaded with fruit.
The nearest orchard to these trees was a half mile distant.
The objects in making the experiments detailed below 
were to test carbolic acid and a dry application of Paris 
green and plaster as remedies against the codling moth and to 
compare these applications with that of London purple as 
ordinarily applied in water. The applications were also so 
made as to test the comparative values of once and tw ice 
treating with each of these substances as well as late and 
early spraying with London purple.
Diagram Shoiving Orchard with K in d  and Number o f  
Applications.
D C
X X  X X
A  
X  X
B  13 12 11 10 9 8 T 6 5 4 3 -  a  1 
X X  X X X X X X X X X X X X X X  
p i  p m  c b n  c b 1 c c L ' L I I L H  L I  L*  -  c  c
E  E
X  X X X
Trees 3, 4, 5 and 6 were treated May 18 with London pur­
ple in water in the proportions of one pound to 128 gallons, 
one-half ounce o f flour being added for each gallon of the 
mixture. Trees 5 and 6 were again treated May 27 with the 
same preparation except that the flour was left out.
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Tree 7 was left until June 14 when it received an applica- 
of London purple in water in the proportion of one pound to 
100 gallons.
T he applications were all very thoroughly made with a 
N ixon “ Little Gem”  force pump and No. 3 nozzle complete, 
the spray being directed over the trees from the top of a step 
ladder.
Trees 10 and 11 were treated with carbolized plaster pre­
pared by thoroughly m ixing one pint of the crude acid in 
100 pounds of common land plaster. The application was 
made by throwing the plaster over the trees in the early 
morning while the dew was still on. Both trees were treated 
May 18th, and tree n  received a second application June 14.
Trees 12 and 13 were treated in a manner similar to the 
preceding, on May 20th, with a mixture of Paris green and 
plaster in the proportion of one pound of the former to 100 
pounds of the latter. T he application was repeated on'No. 
12, May 27th and again June 14th. Trees 1, 2, 8 and 9 were 
left for checks and the tree between 2 and 3 was left entirely 
out of the experiment.
A  heavy shower fell during the night of May 26th.
A ll apples that fell after May 14th, were picked up and ex­
amined for injuries of the codling worm, the last examina­
tion being August 22d when the few ripe fruits that still 
clung to the trees were shaken off. The fallen apples were 
carefully inspected upon each of the following dates, June 
25th; July 1, 4, 8, 12, 10, 13, 15, 19, 22, 26, 29; August, 1,
3, 6, 8, 12, 16 and 22.
A t each gathering the trees were lightly shaken to bring 
down any apples that were about to fall. This with the fre­
quent gatherings enabled me to secure nearly every apple for 
examination, but a very few at most being removed by other 
hands than my own.
The whole number of apples examined was 16,186.
The fruit upon these trees as may be seen from the table 
below was remarkably free from worms. Director Speer tells 
me that this is a characteristic of the Duchess apple, a fact 
that I did not know when the experiment was begun. I do 
not think the results of less value on this account. The 
number of wormy apples in each case is small but the pro­
portion of fruit saved is just as well shown and this is what 
we want to know. The results obtained are remarkably uni­
form and gratifying, there being none of those glaring con­
tradictions that so often occur to throw a doubt over any pos­
sible conclusion.
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The gross results are summarized in the following brief ta 
l>le where they can be seen at a glance.
Table Showing Different Applications and Gross Results.
C H E C K S .
. _ , L .  P U R P L E  T R E A T M E N T . j  P L A S T E R .
00
1 i 2 '• 8  j 9  ! 3 ; 4 ! 5  j 6 ! 7 I 10 : 11 i 12 
1468 1366 1464 1215 885^  1391! 1106; 1637! 1549 1412 1071 1219 8li 911 651 52 12: 28! 22; 24 26: 48! 40 4 
.05651.0666 .0444| .0428; .0136, .0201! .0199; .01471.0168 . 0340: .0373; .0033
13
385
8
.0201
Total Apples
W ormy........
Pr. ct wormy
16,186
504
.031
From the above table it will be seen that the lowest per­
centage of wormy fruit on any of the check trees is .0428 and 
the highest percentage is .0666, while the lowest percentage 
o f  wormy fruit on one of the treated trees is .0136 and the 
highest is .0201. So that the very worst infested of the 
treated trees did not have its fruit one-half as wormy as the 
least infested of those untreated.
T he total number of apples gathered from the check trees 
was 5,531 o f which 292 or .053, were wormy. The total on 
the treated trees was 6,568 of which 112 or .017 were wormy. 
I f  we subtract .017, the loss on the treated trees, from .053 the 
loss on the untreated trees, we shall get .036 as the percent­
age of the entire apple crop that was saved by the applica­
tions. By dividing the .036 by .053 we get .68 as the appa­
rent proportion of the fruit saved that would have been 
wormy in the absence of the applications. Or, in other words, 
out of every 100 apples that would have been wormy the 
treatment seems to have saved 68 by poisoning the worms 
before they got into the frujt. Results figured out in this 
manner, as I shall show a little farther on, are not correct, be­
ing much too low. The probable protection in this case, as 
we shall see, was over eighty per cent.
Now let us look at trees 12 and 13 that were treated with 
Paris green and plaster. Number 13, which was treated 
•once and which, having a smaller number of apples is less 
valuable in the experiment, had .02 of its fruit wormy or an 
apparent saving of .6? of would-be wormyfruit, while tree 12, 
which was well loaded and which received three applications, 
had but .00^3 of its fruit infested, an apparent saving of .94 
o f fruit that without treatment would have been wormy.
I believe that no one has ever reported on a remedy for the 
codling moth which, by careful counts, has shown as good 
results as this. I think that in the above case two applica­
tions would have done nearly or quite as well as the three.
Poisons can not be applied by this method as rapidly or 
easily  as by means of a force pump but it has the advantage
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of costing nothing for apparatus and the trees can be dusted! 
quite rapidly from a wagon by driving on the windward side 
of the row. T his method of applying the poisons would b e  
specially useful where only a few trees were to be treated and. 
when it is thought that a pump* can not be afforded.
The carbolic acid application gave much less protection 
than the others as may be seen by comparing trees 10 and n  
with the checks. Tree ten was treated once and tree 11 twice 
yet the latter had a little larger percentage of infested fruit. 
These two trees had .035 of their apples wormy which would 
make an apparent saving of .34 o f the fruit that would have 
been wormy.
This remedy could hardly be recommended even if  very 
good results were obtained as it does not k ill the insect in any 
of its stages but simply repells the moths which seek the 
fruit of neighboring trees on which to deposit their eggs.
It will be seen by comparing Nos. 3 and 4 with 5 and 6 
that there was practically no difference between once and 
twice spraying. The first application was so thoroughly 
made that nothing was gained by its repetition.
No. 7, which was treated late, June 14th, was about as well 
protected as any. T his is not strange, however, as the 
worms did not begin to hatch until about this date.
A More Correct Method of C om p u t in g  the  Benefits
Derived.
T he above percentages were figured out according to the 
method that has been universally adopted in estimating the 
amount of protection against the ravages of this insect that 
is secured by arsenical and other applications. It seems to 
me strange and unfortunate that no one has ever called atten­
tion to the fact that the proportions of wormy fruit saved as 
indicated by the above process of reasoning must necessarily 
be much too small. Results obtained in this manner from the 
most carefully conducted experiments could not be expected 
to even approximate the actual protection secured, except in 
northern latitudes where the insect is single brooded.
Let us suppose, for example, a group of trees so isolated 
that no moths can reach them except those that come from 
the fruit of these trees and also that the trees will have 1,000 
apples wormy from the first brood of worms and the same 
number from the second brood if unprotected. Now spray
^In this connection I would like to call attention to a very valuable little  force 
pump with metal valves manufactured and sold by I. W . Numan, Canton. Ohio. I t  is 
the best cheap pump that T have had an opportunity to test and it sells for $1.50.
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these trees with Paris green so as to destroy fifty per cent of 
the first brood and it follows that fifty per cent protection 
through the entire season has been secured, even if  nor.e of 
the worms of the second brood are destroyed. I f  the 1,000 
worms of the first brood that infested the apples w ill produce 
a  second brood of 1,000, then one half of this number w ill 
produce but 500 worms for the second brood. Those who 
have conducted experiments for the destruction of this insect 
know that many of the worms of the second brood are destroyed 
by arsenical applications as proven by the less number of 
wormy apples that fall from sprayed than unsprayed trees 
late in the season. So that the destruction of any part of the 
second brood, however slight, should go to increase the per­
centage of protection as shown on the first brood. Then in 
order to estimate the actual protection obtainedthe counts fo r  
the two broods must be kept separate.
Let us carry the above experiment on through the season 
under the supposition that the poison w ill be three-fifths as 
effectual in destroying the second brood as the first and make 
our estimates by keeping the broods separate. Now of the 
500 apples that would be infested thirty per cent or 150 w ill 
be saved leaving 350 to become wormy. This 350 and 
the 500 infested apples o f the first brood make in all 850 
wormy apples against the 2,000 that would have been wormy 
in the absence of any treatment. This shows a saving of 
1,150 fruits and a protection of 57.5 percent of the apples 
that would have been wormy. This is the actual protection 
that would have been secured under these conditions.
Now let us conduct the same experiment in the vicinity of 
other trees and see what results we shall get. W e w ill place 
by the side of our sprayed trees an exactly similar lot of 
checks and suppose all other conditions to remain as before. 
Again 500 apples are rescued from the attack of the worms of 
the first brood upon the sprayed lot, and 1,000 wormy apples 
have appeared upon the checks. This gives us a total of 
1,500 worms that, according to the above conditions, is the 
number that w ill appear in the second brood. As the moths 
are good fliers, they will distribute themselves over the en­
tire lot of trees laying their eggs as freely upon those treated 
as upon the checks and we shall have as a result 750 worms 
hatching out on either lot. Here appears a double error of 
large proportions to vitiate our results. T he number of 
wormy apples in our check lot w ill now be too small by 250, 
and the number of worms appearing upon the sprayed trees 
w ill be too many by the same number. As thirty per cent
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o f  the 750 worms hatching on the sprayed lot are to be des­
troyed, there w ill be left 525 to infest the apples. Now, by 
adding, we get 1,025 as the total number of wormy apples 
that have appeared upon the treated trees and 1,750 as the 
number that have appeased upon those untreated. T he dif­
ference between these numbers, 725, is what we get by this 
process of reasoning as the number saved from the worms. 
But as there would have been a total of 4,000 wormy apples 
on the entire lot of trees if untreated we see how erroneous 
our results are by subtracting from this number the sum of 
1,025 an(l I i75° which would give us 1,225 as the actual 
number of apples saved.
According to the ordinary method we would divide 725 by 
1,750 to get the percentage of fruit saved that would have 
been wormy. This would give us only forty-one per cent 
which is less than three-fourths what it should be, for we 
found above by isolating the trees that we actually got a pro- 
tectoin of 57.5 per cent.
Now let us turn to the experiment of the past season and 
endeavor to get at more accurate results by keeping the two 
broods as nearly separate as possible. I find by closing my 
counts on July 15th so as to shut off all possible effects of the 
second brood the figures indicate a protection of 82 per cent. 
T h e  checks had up to this date .09 of their fruit wormy 
against .016 of wormy fruit upon the sprayed trees as can be 
seen by referring to the table at the close of this article.
By adding together the counts after July 15th we find that 
the checks had .033 of their fruit wormy and the sprayed 
trees .018 of theirs, which shows a saving of .46 of the fruit 
that would have been infested by the second brood. A  slight 
error w ill of course'come in here as it w ill be impossible to 
entirely separate the two broods, but this ought certainly to 
enable us to get at very much more correct results than by 
the other method.
Now to figure out the actual approximate protection obtained 
in this season’ s experiments I shall have to suppose the 
sprayed trees isolated from their checks.
As we are only after percentages and wish to avoid alge­
braic forms we w ill let 1,000 represent the number of apples 
that would be infested by either brood of worms i f  no pro­
tection were given. As .82 of the first brood was destroyed 
by the application, there would have been but 180 of these 
left to infest the apples and the number of worms to hatch 
for the second brood would therefore be reduced to the same 
number. But of the late brood we found that .46 were de­
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stroyed which would leave bu t 97 of these to infest the fruit. 
This would make the total wormy apples 277 against 2000 
thac would have appeared if 110 protection had been given. 
This shows a saving o f . 86 per cent of the wormy fruit which, 
i f  the above process of reasoning is correct, is the approxi­
mate real protection obtained by the applications. The pre­
cise results, which from the nature of the case can never be 
obtained with certainty, may have been a trifle more or less 
than the figures indicate.
For the purpose of proving this process let us put the trees 
in their actual conditions again as nearly as possible and see 
i f  by using the percentages obtained by separating the broods 
we shall approximate the same results as in the experiment. 
Let 1,000 stand again for the number of wormy apples that 
would appear on either lot by either brood if all were un­
treated. As .82 of the sprayed fruit was saved on the treated 
lot from the attack of the first brood this would leave 180 o f  
these to infest the apples. Then for the second brood there 
would appear upon either lot one-half of 1,000 plus 180, or 590- 
worms. O f these .46 were destroyed upon the sprayed side 
leaving 319 to infest the apples. This would give 1590- 
wormy apples upon the untreated trees and 499 on the treated 
trees, a difference in the two sides of 1091. Now by dividing 
1091 by 1590 we get .68 as the apparent protection which, 
strange to say, is exactly what I got by figuring my percent­
ages in the same manner.
The writer is fully aware that the above method of sepa­
rating the two broods is not the best one. The only satis­
factory method that seems at all practical would be as fol­
lows : As soon as the flowers have been fertilized, cover a 
few trees with cheese-cloth or other m atfrial to exclude all 
moths of the first brood while an equal number of the same 
variety are left exposed to catch the eggs of this brood and 
still others are chosen for checks. About July 15th, when the 
eggs of the first brood have been laid, remove the cloths from 
the trees that they cover and put them over the trees that 
were exposed for' the first brood, and keep the counts on the 
two lots of trees entirely separate, and compute the protec­
tion in the manner indicated above. T o make the experi­
ment perfect, there would have to be two lots of checks sep­
arated in a similar manner, but. if  the sprayed trees were in 
or near a large orchard, it would hardly be necessary.
The writer hopes to be able to try such an experiment an­
other year for the purpose of getting at more acurate results- 
than have yet been obtained as to the actual protection se­
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cured by an application of London purple or Paris green for 
the destruction of the larvae of the codling moth.
Misce llaneous Note on Hab its  and  Life Histories.
A t the first gathering, June 25th, 499 apples were exam ­
ined and ten young larvae found the largest of which 
measured oue-eightli of an inch in length. The great major­
ity of the worms did not exceed one-sixteenth of an inch in 
length. So the worms could not have begun to hatch in any 
considerable numbers before the middle of June or one month 
after the flowers fell. At this time the apples measured one 
inch in diameter.
On July 1st a very few exits were found, and 011 July 4th 
fully one-half of the worms had escaped from the fallen 
fruit.
On July 19th several moths were found in my breeding 
cages where the earliest wormy fruit had been enclosed. As 
the breeding cage was not visited every day the moths may 
have begun to appear two or three days before they were 
seen.
Worms of the first brood entered the apples almost entirely 
from the blossom end while those of the second brood, 
although usually entering from the same point, frequently en­
tered from other parts of the apple.
An examination of many wormy apples in the College or­
chard both upon the trees and upon the ground, convinced 
me that if hogs, sheep, or other animals were to be turned 
into the orchard to pick up the infested fruit for the purpose 
of destroying the worms they would do most good from the 
time the apples first begin to fall until about the middle of 
July, and then again from the middle of August 011 through 
the fall, as almost no worm eaten apples could be found on 
the ground between July 15th and August 15th, that had 
worms in them, although they m ight be freshly shaken from 
the trees. In order to do much good the stock in the orchard 
must be numerous enough and hungry enough to pick up the 
fruit as soon as it falls.
T H E  T A B L E .
In the following table is given a complete record of the gath­
ering of the fruit at the different dates from all of the trees in 
the experiment. A t the right of each block is a column of 
totals in which appears the whole number of fallen and wormy
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apples that were taken from all of the trees in the block 
between any two dates o f gathering. T he columns of per­
centages at the right o f these totals give the proportions of 
the wormy apples from all o f the trees in a block found at the 
different dates of gathering.
Below the date July 15th, is a line of totals giving the 
whole number of apples fallen and wormy from each tree up 
to that time.
In these totals we have the approximate number of apples 
wormy by the first brood.
T he line o f totals near the bottom is to the lower portion 
o f the table what the upper line is to the upper portion.
The line of grand totals is a summary of the totals.
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COMPLY TE RECORD W ITH SUMMARIES AND PERCENTAGES—G iv e n  in  T w o  P arts  to Separate t h e  B r o o d s .
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June 25................._.................. 3. 3 31 i 42 0 25 0 135 4 3— 50 0 44 2 22 i 59 i 49 0 224 4 1.8—
July 1..................................... 55 4 62 6 33 3 32 2 182 15 8 + 24 1 19 0 41 0 71 0 39 0 194 1 .5+
it 4.................................... 35 6 57 19 23 2 32 2 147 29 2— 40 0 45 0 37 0 24 0 22 0 168 0 0
it 8..................................... 188 19 189 29 112 0 56 2 545 50 9 + 175 2 216 2 165 2 253 1 172 0 981 7 •7+U
«(
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7
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34
5
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4
3
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1
5
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it 15.................................... 134 1 67 2 62 4 52 5 315 12 3.8+ 62 1 112 2 77 2 72 1 95 3 418 9 2.1+
T o t a l s ......................... ......... 616 63 566 69 407 20 303 18 1892 170 9 — 436 4 641 14 473 11 680 6 560 9 2790 44 1.6—
July 19 ................................... 96 6 89 9 54 9 3S> 3 278 27 9 .3 + 42 1 77 3 32 2 100 3 93 5 344 14 4+
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1
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1
1
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6
9
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*t 26..................................... 70 2 70 4 51 4 65 5 256 15 5.9— 4 80 2 2.3+
it 2 9 ........ ........................... 112 3 115 0 93 4 95 3 415 10 2.4+ 52 0 70 0 111 2 80 0 115 4 428 6 1.4+
Aug.
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1 ..................................... 60 0 98 0 70 3 100 2 320 5 1 .6 — 55 0 75 0 71 0 105 3 100 0 406 3 • 7 +
3................................... 37 1 38 0 79 6 44 2 198 9 4.5+ 40 0 58 2 68 1 62 4 53 0 281 7 2.5+
1.2+it 6 64 1 90 1 153 4 148 3 455 9 2— 31 0 154 8 52 1 106 o 150 0 498 6
it 8..................................... 110 0 80 2 90 1 70 2 350 - 5 1.4+ 30 1 37 1 72 1 100 2 80 0 318 5 1.6—
it 12.................................... 75 3 70 5 130 3 91 7 366 18 5— 40 1 50 1 35 I 155 3 120 1 4 0 0 7 1.7+
tt 16..................................... 110 1 90 0 164 5 107 2 471 8 1.7— 37 0 46 2 56 1 70 0 94 2 303 5 1.7—
if 2 2 ................................................... 14 0 13 0 97 1 63 0 187 1 . 5 + 3 0 8 0 6 0 53 0 43 0 118 0 0
T o t a l s .................................... 870 21 800 22 1057 45 912 34 3639 122 3.3+ 449 8 750 14 633 11 957 18 989 17 3778 68 2+
G r a n d  T o t a l s ................ 1486 84 1366 91 1464 65 1215 52 5531 292 5 .3 — 885 12 1391 28 1106 22 1637 24 1549 26 6568 1 1 2 1.7
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COMPLETE RECORD WITH SUMMARIES AND PERCENTAGES—G i v e n  in  T w o  P a r t s  t o  S e p a r a t e  t h e  B r o o d s .
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CARBOLIC ACID TREATMENT.
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Gillette: Codling moth experiments
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